Nurse graduateness and patient mortality 
Introduction
Nursing is integral to the safe and effective operation of any modern health system (Van De Heede et al. 2009, p. 2) and its effectiveness is directly linked to the competence of the nursing workforce and the quality of the care they provide. Over the past 20 years the impact on patient outcomes of the educational preparation of nurses has been studied in some detail (Adams et al. 1997 , Aiken et al. 2014 . Of particular interest has been the effect of baccalaureate (or higher) level preparation for nurses compared with diploma or certificate education. Several authors have described this as the graduateness (the proportion of baccalaureate prepared nurses) of the nursing workforce (Stacey et al. 2015) . There is some ambiguity with this definition; some nurses, for example, may start diploma level training and already hold a baccalaureate or Masters degree, would they be considered graduate nurses (by virtue of their previous education) or not?
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Background
We reviewed the literature and identified 18 observational studies that have tested the association between nurse graduateness and patient mortality (see supplementary document).
Most (13 out of 18) report a positive association. However, there are important methodological threats to the external validity of some of these studies (e.g. Aiken et al. 2011 , Dilles et al. 2010 , Estabrooks et al. 2015 , Kutney-Lee et al. 2013 . Perhaps the most substantial issue is that in many studies, the nurses who participated in the research were not necessarily those who provided direct care to participating patients. For example in the largest and most recent study of this type-RN4CAST-the authors state that patient mortality data were extracted for the year most proximate to the nurse survey (Sermeus et al. 2011 ). Nurses are a dynamic workforce and frequently change jobs and roles. It seems logical to us to posit, at least, that many of the nurses in the survey were not the same as those who provided direct care to included patients.
The precision of measurement of nurse graduateness has also been challenged (Aiken et al. 2015) . The percentage of nurses in the RN4CAST study with a baccalaureate degree was determined using a self-report survey methodology. This is problematic for two main reasons. First, self-report may lend itself to a high degree of social desirability bias i.e. 'I should have a degree so it's best I tick that box'. Second, the reported average response rate of 62% (Kutney-Lee et al. 2013) , suggests significant non-response bias. Aiken et al. (2015) argue that this is typical in this kind of research; however, even if this is true it does not mitigate the real possibility of measurement error (Ridley et al. 2008, p. 152) .
To date all but one (Sasichay-Akkadechanunt et al. 2003) of the previous studies of nurse graduateness have been undertaken in North America and Europe. It might be reasonable to
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assume there is only marginal variability in the quality and outcome of a baccalaureate education in these countries. In the Middle East most of the Registered Nurses are educated in countries such as India and the Philippines, with developing educational and health systems. We have no high quality evidence confirming that the benefits of graduateness on clinical outcomes are maintained in these countries. In addition, we do not believe that it is acceptable, blindly, to generalize observations made in countries with emerging health systems and compare to those with profoundly different levels of economic and social capital.
The Study Aims
Using linked nurse and patient data, the objective of this study was to assess the effect of the graduateness of nursing care on all-cause patient mortality.
Design
A retrospective, cross-sectional study. We have reported our study according to STROBE guidelines (Von Elm et al. 2007) . De-identified patient and nurse data were extracted (MayAugust, 2015) from administrative sources of seven out of eight major public hospitals in Qatar. Participating hospitals had a total of 1,720 beds and admitted 264,138 patients in 2015.
The state health system employed 8,695 nurses the majority (93%) were trained outside of the country.
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Participants
We included all patients, of any age, admitted for at least one day, to any ward (e.g. medical, surgical, pediatric, oncology, cardiovascular) during the study period. We included all nurses recorded on the electronic patient record that provide care for included patients. We excluded patients admitted through the accident and emergency department because of the high risk of death without exposure to direct nursing care. All patients admitted to the facility that used the old Electronic Medical Record system have been automatically excluded since their records did not contain the corporate identification of the nurses involved in the episode.
Data collection

Wards
Nurse satisfaction data were available at the ward level only and were obtained through the 
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Nurses
We extracted data on the educational preparation of all nurses' working in the health system. An independent credentialing department is responsible for checking the authenticity and probity of the qualifications of all employed nurses. Before being submitted for credentialing, certificates need to have been legally attested, giving our measure of graduateness a high degree of face validity. Nurses were classified as graduates in this study if they held a baccalaureate or higher degree in a health related subject. Additionally, we collected data on nurses' age, gender and nationality. We also generated an aggregated nurse-staffing ratio (calculated on a daily basis for the four month study period) by dividing the total number of nurses and the number of inpatients present during that day. This is a routine way of calculating staffing ratios in research although different measures are often used operationally (Kutney-Lee et al. 2013 , p. 581, Aiken et al. 2012 .
Patients
We extracted data on patients' age, gender, nationality, length of inpatient stay and diagnosis priority (recorded on scale from 1 (low)-5 (high)), the latter is an indication of acuity of the patient's condition at the point of admission. We also calculated for each included patient the graduateness of nurses providing their care. In this study the dependent variable was mortality defined as death at discharge.
Ethical considerations
The study was reviewed and approved by the local Institutional Review Board (IRB, 15363/15).
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Data analysis
The nurses' identification number was used to link nurse and patient records. We manually excluded records with incomplete or inaccurate data; this included missing nurse identification number, education data or negative length of stay (This might happen when an incorrect admission or discharge date is entered into the patient administration system). This is common and advisable practice with this type of data analysis (Sales 2008, p. 939) .
Although there were 8,695 nurses in the employment records, only 5,296 provided direct patient care in the seven hospitals included in our study. The rest have been automatically discarded from the study population since their corporate identification numbers were not linked to any patient encounter. The data preparation process is shown in Figure 1 .
Outcomes
The initial stage of the study involved the extraction of patient clinical and demographic data (that included the ID number of nurses providing direct patient care) from the administrative information systems for a period of four months, starting 1 May 2015. We also extracted nurses' data from a separate administrative database. We then linked the two datasets together using the nurses' ID number (which appears in both datasets). Patients inevitably receive care from more than one nurse during an inpatient stay. We computed the proportion of the nurses educated to at least bachelor level as an estimate of the graduateness of the nursing care each patient received. We did the same with the nurses' age, as a marker (albeit limited) of the clinical experience of those involved in each patient's admission.
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Following the data processing, we arrived at a final data set that included demographic and clinical information about each patient, the graduateness of the nursing care they received, the satisfaction of the nurses providing care and staffing ratios in individual units. Apart from age we were not able to include any other nurse demographic information in the data set.
Addressing the risk of bias
We tried to eliminate bias by extracting a fairly inclusive and representative sample of patient records from all available hospitals only excluding accident and emergency admissions.
Standard data checking and cleaning procedures were followed (Benchimol 2015, p. 13). We excluded records with missing data, e.g. missing patient age, we assumed that the reasons for records being incomplete were random and there was no systematic reason as to why this may have occurred.
We estimated that the minimum sample size should be between 1,941-2,101 patients, depending on the method of calculation, Kelsey or Fleiss algorithms respectively (Sullivan, et al. 2007) . That was calculated using a 95% CI, 80% power, ratio of unexposed to exposed (3213/4109), estimated percent of unexposed with outcome of interest (mortality) approximately (64/3213) and percent of exposed with outcome (190/4109).
Statistical Methods
We used multiple bivariate and one multivariable logistic regression to test our hypotheses and to identify which parameters and to what extent they affect patient mortality, in unadjusted and adjusted models. For the trend analysis and the relationship between patient mortality and education we have used a polynomial regression model, as shown in Figure 2 .
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We planned to adjust for several potential confounders that have been identified in previous studies. We conducted three separate logistic regression experiments to test the relationship between patient mortality and graduateness adjusting for patient (age, length of stay, diagnosis priority) and/or nurse (age -as a proxy for experience, staffing ratio and satisfaction) confounding variables. Analyses were done using IBM-SPSS (version 21, Armonk, NY: IBM Corp., USA). A p-value of 0.05 or less was considered statistically significant.
Results
A total of 7,322 patient records that were linked to aggregate nurse data comprised our dataset. Over the four months of the study 688 (9.85%) patients were readmitted and 254 died (3.47%). The average staffing ratio (8.96 patients per nurse) and mortality rate were unremarkable in comparison to European countries (Aiken et al. 2014 ). There was a total of 5,296 nurses that were involved in providing care to these patients. The study population hierarchy is shown in Figure 3 .
Participants
The demographic characteristics of patients are shown in Table 1 . Generally patients were mostly female, in their mid-thirties, from South East Asia, spending just over two days in hospital, with illnesses that were not considered critical. Nurses were almost exclusively female, also in their mid-30s; just over half were trained in South East Asia. There was an almost equal split between those who were baccalaureate and non-baccalaureate trained (Table 2 ) and the average satisfaction was high, 3.88/5. Staff turnover was low; over the study period 33 nurses left the health system, which represents 0.37% of the total nursing workforce. Based on these data we estimate a turnover rate of around 1% per year across the
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This article is protected by copyright. All rights reserved. national health system, this is exceptionally low. We conducted three separate logistic regression experiments (SPSS v21) to test the relationship between patient mortality and graduateness adjusting for patient (age, length of stay, diagnosis priority) and nurse (age, staffing ratio and satisfaction) confounding variables.
Outcome data
In total, 254 (3.47%) patients died over the four month period of the study. The demographic and clinical profile of these patients was different to those who were discharged alive (Table   1) . Those who died (numerically) were more likely to be male, older-more than 38 years of age-and with a higher diagnosis priority.
Main results
The estimates of the relationship between mortality and nurse graduateness are shown in To generate this graph we calculated several daily patient mortality figures by dividing the number of patients who died with the number of patients present on any ward on that
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Supplementary analyses
We also examined the relationship between staffing ratios and mortality. In both the unadjusted and adjusted models we observed that staffing ratios were significantly associated with patient mortality (Tables 3 & 5) .
Discussion
The aim of this study was to test the association between graduateness and mortality in an emerging health system. Our observation was consistent with the majority of previous studies (for example Yakusheva et al. 2014 , Blegen et al. 2013 , Kutney-Lee et al. 2013 ) that have shown a clear effect of graduate education on mortality. The odds ratio in our study was somewhat more modest than larger studies in established and mature health systems (e.g. Aiken et al. 2014) . To date, only one study (Sasichay-Akkadechanun et al. 2003) has involved nurses trained in countries with developing educational systems (particularly India and the Philippines). It is important to confirm that graduate education in these countries results in a comparable reduction in mortality. Simply put, we need to check that graduate education for nurses has value wherever in the world that education takes place. Our
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observations are consistent with this hypothesis and suggest that the effect of graduateness is a generalizable observation internationally.
Our study has important methodological novelty. The deterministic binding of two separate electronic data sets distinguishes our study from previous research (Sales et al. 2008 , Sermeus et al. 2011 , Blegen et al. 2013 . It is a valid criticism that graduateness is a proxy measure of the quality of the care provided by the entire health system (not just nursing). In this study, because we were focused on nurses who actually provided the care to patients, we have strengthened the (external) validity of the observation.
Our approach to measuring the graduateness of nurses is noteworthy and was calculated as follows: If a patient was cared for by five nurses during their hospital admission and three of them were bachelor prepared we calculated that the graduateness of the nursing care they received as 60% (3/5 x 100). A similar ratio can be calculated for each facility or ward but calculating that for each patient provides us with a higher attributability of our exposure, nurse education, to mortality. We are not relying on self-report survey methodology that is prone to significant bias (Lucero et al. 2010 , McHugh et al. 2014 , Aiken et al. 2011 we extracted data from the databases that contained the verified qualifications of nurses working in the health systems. Whilst this approach conveys significant advantages we did have issues in determining the level of educational preparation of some of the nurses and this may have led to bachelor educated RNs being inadvertently included in the non-graduate group. For example, bachelor degrees acquired after initial RN education studied through distance and/or blended learning modes are not presently recognized as graduate nurses in the State of Qatar.
It is important to note that Registered Nurses provided all the nursing care delivered in this study and that this was a stable workforce over time (i.e. staff turnover was low). The health system does not routinely employ nursing or health care assistants and the nursing workforce is almost exclusively qualified nurses. Consequently, the nursing care that is provided is not diluted by care from unqualified staff. In our view this study is, therefore, a more robust evaluation of the effect of graduateness.
The results of our study suggest that, as the graduateness of the nursing workforce increases, mortality declines. Whilst this study is not powered to examine statistically this relationship our data suggests that there may be an optimum level of graduateness. Mortality falls under 2% when the graduateness reaches around 44% and to 1% at approximately 70%. After that the patient mortality stabilizes at around 0.8%. Our data suggests that above 70% graduateness confers no appreciable benefits (in terms of mortality). It is worth noting that this figure is below the 80% graduate level recommended by the ANCC Magnet program.
Larger studies adopting our methodology will be able to estimate more precisely the optimum level of graduateness in the nursing workforce.
Our observation that staffing ratios have an impact on patient mortality is consistent with previous research (Lucero et al. 2010 , Ma et al. 2015 . We also followed the same logic in the calculation of those by using the number of nurses and patients cared for on the last shift in each hospital (McHugh et al. 2013, p. 3). In our case, the standard length of a shift is 8 hours.
Limitations
Whilst we have attempted to adjust for previously reported confounders in this field of enquiry it remains possible that our observed association may be explained by unknown confounding factors. For example, it may be that baccalaureate nurse education attracts a different type of person (in terms of performance at high school, sense of autonomy) to study nursing. The characteristics of participants before they started nursing were not well understood. It seems to us that research teams need to better understand and assess potential differences between these two groups of nurses when conducting future studies. We used nurse age as an estimate of their length of clinical experience. This may be reasonable if it is assumed that nurses come straight from school into nurse training. This may be true for the majority of our sample, however in other countries this is patently not the case; many nurses come into training as a later in life. Future studies would be enhanced if this were more accurately measured.
Nurse satisfaction was determined via an annual survey conducted in October 2014 using a standard measure. Our survey comprises a sufficient number of responses and the results are normally distributed (Van den Heede et al. 2009, p. 2) . The response rate in the survey was exceptionally high (93%) compared with similar studies of this type (Kelly et al. 2014 , Ma et al. 2015 possibly because the nurses might have felt obliged to complete this. However, the data do not provide any evidence this actually occurred.
Further research
Low staff turnover and high nurse satisfaction might suggest a workforce that is not fearful in reporting errors. The relationship between satisfaction, turnover and patient outcomes would be an important area for further investigation. To avoid biasing our observation we excluded
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all Accident and Emergency admissions where the death of the patient was highly likely. However, we did include patients, for example with terminal cancer, where death was expected. However it is difficult to determine accurately patients who were expected to die. It may be a more conservative approach to consider excluding all cancer patients from any future research.
Conclusion
The nursing workforce is the backbone of every modern health system. Whilst the observation that the graduateness of nurses impacts on patient mortality is not in itself novel this study contributes to knowledge in three important ways: First, we have-for the first time-shown a direct link between nurses who provided care and mortality in the patients they looked after. Second, we have shown that nurses who have earned their degrees from countries with emerging educational systems still have a positive impact on patient outcomes.
Third we confirm the conclusion of most previous studies about value of graduateness to a health system. Additionally we have raised some important questions about the optimum ratio of graduate nurses in the workforce.
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This article is protected by copyright. All rights reserved. Scatter plot depicting the relationship between patient mortality and nurse education to graduate level and the optimum trend line that mathematically describes that relationship and equivalent distribution.
